We present Be star candidates in the open cluster NGC 663, identified by Hα imaging photometry with the Palomar Transient Factory Survey, as a pilot program to investigate how the Be star phenomena, the emission spectra, extended circumstellar envelopes, and fast rotation, correlate with massive stellar evolution. Stellar membership of the candidates was verified by 2MASS magnitudes and colors, and by proper motions. We discover 4 new Be stars and exclude one known Be star from being a member due to its inconsistent proper motions. The fraction of Be stars to member stars [N(Be)/N(members)] in NGC 663 is 3.5%. The spectral type of the 34 Be stars in NGC 663 shows bimodal peaks at B0-B2 and B5-B7, which is consistent with the statistics in most star clusters. Additionally, we also discover 23 emission-line stars of different types, including non-member Be stars, dwarfs, and giants.
Introduction
Emission-line stars are symbolized by Balmer lines, particularly the Hα lines in emission spectra. In general, the mechanisms responsible for the emission lines include mass accretion -2 -and chromospheric activity. Emission stars can be in almost any stage during stellar evolution, from pre-main sequence T Tauri and Herbig Ae/Be stars, main-sequence Be/Ae and dMe stars, Wolf-Rayet stars, to giants and supergiants. Among these, the classical Be stars are particularly interesting because, other than the emission spectra, they also show nearinfrared-excess emission above the stellar photospheric radiation, and fast rotation with an equatorial speed up to 70 − 80% of breakup velocity (Townsend, Owocki, & Howarth 2004) .
The infrared excess of Be stars is usually attributed to plasma free-free emission in the extended envelopes. Even though it is thought that the fast rotation must play a decisive role, the interplay of the Be phenomena, namely the emission lines, infrared excess, and rapid rotation, is still unclear. One school of thought proposes that classical Be stars become fast rotators only at the second half of the main sequence (Fabregat & Torrejón 2000) , or near the turn-off (Keller et al. 2001) . These Be stars are found in young (∼ 10 Myr) star clusters in the Milky Way galaxy (Mathew, Subramaniam, & Bhatt 2008) , LMC, and SMC (Wisniewski & Bjorkman 2006) . Alternatively, the stars might have been spun up by mass transfer in binaries (McSwain & Gies 2005) .
Care should be exercised when collecting the sample of classical Be stars in a young cluster because a distinctly different group, the Herbig Ae/Be stars, intermediate-mass premain sequence objects, exhibit very similar observational properties, such as the emission spectra and infrared excess. Lee & Chen (2011) analyzed a group of Be stars away from any signposts of recent star formation, thereby being excluded of the pre-main sequence status, yet have unusually large infrared excess, with the observed 2MASS colors J − H and H − K s both greater than 0.6 mag, that must be accounted for by thermal dust emission.
The primary uncertainty in the age determination of a single Be star is rectified if Be stars in a sample of star clusters at different ages can be studied. However, the sample of classical Be stars in open clusters is not complete due to several reasons. First, a nearby open cluster occupies a wide sky area, so a comprehensive survey for emission-line stars is time consuming, and often limited to bright stars. Secondly, Be stars show photometric and spectroscopic variability. With the wide field coverage of the Palomar Transient Factory (PTF) project, we have initiated a program to search for emission stars in clusters of different ages. This paper reports our methodology to identify emission-line stars with the PTF Hα images. (Kharchenko et al. 2013) , this cluster is known to host a large number of Be stars (Sanduleak 1979; Pigulski, Kopacki, & Ko laczkowski 2001; Mathew & Subramaniam 2011) . NGC 663 was also considered as a part of stellar association -3 -Cas OB8. Cas OB8 has been reported to be located at a distance of 2.9 kpc (Dambis, Mel'nik, & Rastorguev 2001) , and thus NGC 663 appears to be in the foreground. However, the distance of Cas OB8 seems to be overestimated. Using old and new reduction of the Hipparcos data, the mean distance of Cas OB8 is suggested to be 2.3 kpc (Mel'nik & Dambis 2009 ). Taking possible uncertainty of distance estimation into consideration, NGC 663 could be a part of Cas OB8.
In Section 2, we describe the acquisition of the observations and the analysis to recognize emission stars. In Section 3, we present our list of Hα stars and compare our results, which reach fainter magnitudes, with those in the literature. Section 4 gives a summary of this study.
Observations and Data Analysis
Data used in this study include the PTF Hα images to identify, and the 2MASS nearinfrared photometry and proper motions (PMs) to characterize, the emission star candidates. The PTF is an automated, wide-field survey with a 7.3 square-deg field of view (Law et al. 2009 ). All observations were carried out with the 48-inch Samuel Oschin Telescope at Palomar Observatory. The Hα and the continuum images are taken through HA656 and HA663 narrow-band filters (hereafter Hα and r-band, respectively), which have a central wavelength of 6563Å and 6630Å, with a bandwidth of 75Å. The exposure time for the Hα and r-band images is 60 seconds. The image data were processed for bias corrections, flat fielding, and astrometric calibration with pipelines developed by the Infrared Processing and Analysis Center (IPAC; Laher et al. 2014 ).
The Two Micron All Sky Survey point source catalog (2MASS; Cutri et al. 2003) provides a uniformly calibrated database of the entire sky in the near-infrared J, H, and K s bands with a 10σ detection limit of 15.8, 15.1, and 14.3 mag, respectively. Kinematic information can be obtained to secure the membership in a star cluster by the PP-MXL data set, which is derived from an all-sky merged catalog based on the USNO-B1 and 2MASS positions of 900 million stars and galaxies, reaching a limiting V∼ 20 mag (Röser, Demleitner, & Schilbach 2010) . The typical error of PMs is less than 2 milliarcseconds (mas) per year for the brightest stars with Tycho-2 (Høg et al. 2000) observations, and is more than 10 mas yr −1 at the faint limit. However, Röser, Demleitner, & Schilbach (2010) noted that about 90 million (10%) objects of PPMXL include spurious entries; they found double or several matches of USNO-B1 stars with a 2MASS star. Kharchenko et al. (2012) have averaged such PMs and computed their errors in sky areas with star clusters including NGC 663. Therefore, we use these PMs instead of PPMXL data.
-4 -In our study, we made use of the 2MASS photometry and the PMs to select and characterize stellar member candidates. While matching counterparts in different star catalogs, a coincidence radius of 2 ′′ was used among PTF, 2MASS, and PMs sources.
Data Analysis

The Search Region
Open clusters generally have irregular shapes during their evolution either the internal relaxation process or the Galactic external perturbation (Chen, Chen, & Shu 2004) . We therefore need to adopt a suitable region to include all possible member stars for NGC 663. To determine the survey region, we selected the 2MASS point sources with S/N ≥ 10 in all J, H, K s bands and with PMs uncertainties < 5.0 mas yr −1 . Based on the radial density profile (Figure 1 ), the best half-Gaussian fitting gives a 3σ diameter of ∼ 30 ′ , which corresponds to a diameter of ∼18 pc at 2.1 kpc. Hence we adopted a box with the side of 40 ′ (4σ) as the field of NGC 663 in the subsequent analysis to cover the region of previous studies and possible candidates.
Hα Photometry and Emission-Line Candidates
To identify possible Hα emission stars, we compute the difference of the instrumental magnitude between the Hα and the r-band images (e.g., r−Hα). Under the assumption that the majority of stars in the field exhibit neither Hα in emission nor in absorption, those stand out in r−Hα are probable Hα stars. Figure 2 shows the r−Hα values for all stars (grey dots) within a field of ∼ 2
• × 1 • , which guarantees to cover the spatial extent of NGC 663. Because of increasing scattering of the r−Hα values toward faint magnitudes due to photometric errors, we exercised different selection criteria according to the brightness of the stars. We first calculated the photometric scattering (σ p ) for each 0.5 mag r-band bin with the error propagated from photometric and systematic errors. The photometric error is the weighted photometric error of r−Hα values for stars within the 0.5 mag bin while the systematic errors are the standard deviation of r−Hα values for stars within the same bin. Then we selected emission-line candidates for those with r−Hα > 2σ p in each 0.5 mag bin, i.e., with significant flux excess in the Hα image than in the r-band image, as illustrated in Figure 2 . A total of 42 emission-line candidates were thus identified within a 40 ′ × 40 ′ field. Table 1 lists the properties of the 42 emission-line candidates. The first column provides identification numbers. Columns 2 and 3 provide coordinates in degree.
-5 -Columns 4 and 5 show the PM measurements in right ascension and declination. Column 6 gives PM uncertainties. Subsequent columns, 7 to 9, list the 2MASS K s , J − H, and H − K s values. Column 10 lists names of known Be stars. Columns 11 and 12 give the PTF instrumental r-band and r−Hα magnitudes. Column 13 provides the object classifications adopted from SIMBAD. Figure 3 shows the spatial distribution of our candidates.
Identification of Membership
We verify member stars of NGC 663 with photometric and kinematic memberships. First, we determine the photometric membership by selecting stars within the region that are near the isochrone (Girardi et al. 2002) Pandey et al. (2005) suggest a range of age from 10 to 50 Myr for NGC 663. Here we adopt the mean age of ∼ 31 Myr, the distance of 2.1 kpc, and E(B−V) of 0.7 mag from Kharchenko et al. (2013) for the isochrone. The region for the photometric membership is defined by estimating J − K s errors propagated from photometric errors of J and K s values along with the isochrone from K s = 7 mag toward faint K s magnitudes (Figure 4 ). On the other hand, verification of the photometric membership for the Hα emission-line candidates is not intuitive. Lee & Chen (2011) showed that Be stars can have unusually large infrared excess with J − H and H − K s both greater than 0.6 mag. As shown in Figure 4 , we thus extend the selection region of the photometric membership with J − K s ∼ 1.2 mag for the emission-line candidates.
Secondly, we define a region that could include the possible kinematic membership. We have calculated the averaged PM, and standard deviations of stars within the 40 ′ × 40 ′ field by fitting a Gaussian distribution to PMs. The mean PM is (−0.80, −2.43) mas/yr, and standard deviations σ µα and σ µδ are 3.58 mas yr −1 and 3.41 mas yr −1 , respectively. We then adopt 2-sigma approach to determine the kinematic membership. The sigma σ µ = 4.94 mas/yr is the error propagated from σ µα and σ µδ . Stars are considered as the kinematic membership if they are located inside the 2σ µ region (e.g., 2×σ µ = 9.88 mas yr −1 ) ( Figure 5 ).
Finally, objects are considered as member stars according to the photometric membership as well as kinematic one. Based on the CMD and PMs analysis, we identify 959 member stars in total within the 40 ′ × 40 ′ field. Among the 42 emission-line candidates, 23 objects are eligible for our criteria and suggested to be member stars.
To further select possible Be stars from these 23 emission-line candidates, we defined a region in the J − H vs. H − K s color-color diagram, which could cover 99% of Be stars collected from literatures (Zhang et al. 2005) . As shown in Figure 6, (2011) found 2 more new Be stars with a spectroscopic observation and increased the number to 31. We list the properties of these 31 known Be stars in Table 2 . The first column provides the names of known Be stars. Columns 2 and 3 provide coordinates in degree. Columns 4 and 5 list the PM measurements in right ascension and declination adopted from Kharchenko et al. (2012) . Column 6 show errors of the PM measurements. Subsequent columns, 7, 8, and 9 list the 2MASS K s , J − H and H − K s values. Column 10 show the Hα equivalent widths (EW(Hα)) adopted from Mathew & Subramaniam (2011) . We use the averaged EW(Hα) if the Be stars have multiple observations. Column 11 indicates the spectral type adopted from Mathew & Subramaniam (2011) . The final column shows the notes of the stars.
Among 31 known Be stars, we re-identify 15 objects and misidentify 6 objects. The rest 10 objects are discounted because of photometric problems, including saturation, blending of nearby stars, and contamination of the CCD gap. The misidentification of 6 objects might be caused by the variability; we find that two of the misidentified objects GG99 and L613 are suggested to show Hα variability (Sanduleak 1990; Mathew & Subramaniam 2011) . Another reason of the misidentification might be due to weak emissions. As shown in Figure 2 , the 4 misidentified objects (G32, PKK1, PKK2, and PKK3) show low r−Hα values, which are similar to the mean values. This result indicates that their Hα strength could be too weak for firm identification. Figure 7 shows the correlation between the EW(Hα) and r−Hα values, suggesting the EW(Hα) of the 4 misidentified objects are weaker than −10Å. Therefore, the misidentification of the 4 objects could be due to the weak emissions. If we select emissionline candidates with a lower threshold r−Hα > 1σ p to include objects with weak Hα, we then have additional 124 emission-line candidates with lower confidence levels while only two more known Be stars (G32 and PKK3) can be identified as emission-line stars. Thus, our -7 -detection limit for emission-line candidate is about EW(Hα) = −10Å (r−Hα > 2σ p ).
New Be Candidates
We discover four possible new Be stars (ID number: 12, 35, 39 , and 41) with r−Hα > 0.12. The EW(Hα) versus r−Hα correlation (Figure 7) shows these newly discovered Be stars to have EW(Hα) stronger than −30Å, thus the undetection of the 4 new Be stars in previous studies should not be caused by weak emissions. In addition to the emission-line variability, the undetection of the 4 new Be stars in previous studies might be due to their positions. Previous survey of NGC 663 covered only less the central 30 ′ × 30 ′ field, whereas two of the four new Be stars are located outside region. Besides, by the same diagnosis, we find that one previously claimed Be star SAN 28 should not be the member star due to its inconsistent PM (µ α = −16.07 ± 3.95, µ δ = −34.09 ± 3.95 mas yr −1 ). We thus conclude that the number of Be stars in NGC 663 is 34. (Kharchenko et al. 2013) , NGC 663 could have similar Be star fraction with that of NGC 7419 and NGC 2345. Interestingly, they showed the [N(Be)/N(Be+B)] fraction of NGC 663 is 4.5%, which is lower than that of NGC 7419 (11%) and NGC 2345 (26%). In spite of that our result increases the [N(Be)/N(Be+B)] fraction in NGC 663 from 4.5% to 6.8%, the fraction is still the lowest among these three clusters.
Be Star Fraction
It is notable that our procedure of membership identification is quite different from that of Mathew, Subramaniam, & Bhatt (2008) . Since they did not consider kinematic information to identify memberships, we perform the same method (see Sec. 2.1.3) for NGC 7419 and NGC 2345 to identify membership, and make a consistent comparison among these 3 clusters. Consequently, the ratio of Be stars to member stars [N(Be)/N(members)] of NGC 663, NGC 2345 and NGC 7419 are 3.5% (34/959), 6.8% (11/160), and 10.1% (22/217). Once again NGC 663 shows the lowest ratio among these 3 clusters. One possibility explains the low Be star fraction in NGC 663 is that the circumstellar material might be swept away by stellar winds from massive stars or supernova explosions. Since NGC 663 could be a part -8 -of stellar association Cas OB8, stellar winds from nearby massive stars or supernova events might remove the circumstellar material. Moreover, Pandey et al. (2005) reported that massive stars tend to lie in the centre of NGC 663, and suggested that the mass segregation is primordial, e.g. due to star formation process. When higher-mass stars preferentially locate towards in the centre of NGC 663, the circumstellar material might be swept in the early stage of star-forming process, and thus cause the low Be star fraction.
Spectral Type
The spectral types of some Be stars in NGC 663 are present by Mathew & Subramaniam (2011) . It might be able to classify the stars based on the relative brightness of the stars with and without spectra. According to known spectra, the stars with r-band instrumental magnitudes brighter than 8.5 mag are classified as B0-B2V, and the ones with magnitudes between 9 and 11 magnitudes are belong to B5-B7 stars. Thus, we could classify the Be stars with magnitudes between 8.5 and 9 magnitudes as B3-B4 stars. Those candidates with r-band magnitudes fainter than 11 mag might be late-type B or early-type A stars, e.g., B8-A0 stars. Consequently, we have 21 Be stars in B0-B2 type including saturated stars, which should be brighter than 8.5 mag. We also have 2 Be stars in B3-B4 type, 7 ones in B5-B7 type, and 3 ones in B8-A0 type. Our result shows similar distribution of spectral type to that of previous studies; Mermilliod (1982) investigated the distribution of Be stars as a function of spectral types and found that a maxima at type of B1-B2 and B7-B8 while Mathew, Subramaniam, & Bhatt (2008) showed bimodal peaks in B1-B2 and B5-B7 for open clusters. Among four newly discovered Be stars, one is classified as a B3-B4 star and three should be B8-A0 stars. Before we discover 3 Be candidates belong to B8-A0 type, the fraction of Be stars with spectral type later than B5 is 21% (7/33) in NGC 663. Our results increase the fraction to 30% (10/33), and make it to be consistent with other open clusters (Mathew, Subramaniam, & Bhatt 2008) .
New Emission-Line Candidates
We have identified 42 emission-line stars within a 40 ′ × 40 ′ field of NGC 663; 15 stars are known Be stars and 4 stars are newly discovered. Among the remaining 23 candidates, 2 candidates could be emission-line dwarf stars and 6 candidates could be giants in NGC 663. For the rest 15 candidates, we have also identified 2 stars as Be stars and 13 objects as emission-line dwarfs in the field that are not associated with the cluster. After cross-matching with the SIMBAD database, these 23 emission-line stars are presented for the first time.
SUMMARY
We apply the Hα imaging photometry to identify 42 emission-line candidates in NGC 663. Four newly discovered Be stars have been identified as members with the CMD and PMs. We also discover that one known Be star SAN28 should not be a cluster member due to its inconsistent PMs. Our results show that the number of Be stars in NGC 663 is 34, and the ratio of Be stars to member stars [N(Be)/N(members)] is 3.5%. The low fraction of Be stars in NGC 663 might be the consequence of the effects of mass segregation and stellar winds, or supernova explosions. Our results also reveal bimodal peaks of spectral type B0-B2 and B5-B7 for the Be population, which is consistent with the statistics in most star clusters. Finally, we discover 23 emission-line stars of non-member Be stars, dwarfs, and giants. Our results suggest that the Hα photometry of the PTF data is very useful to search for emissionline stars. More Be stars in nearby clusters will be further searched and investigated to study the evolutionary scenario of the Be phenomena.
We thank the referee for constructive comments. We also thank C. K. Chang, M. Kasiliwal, and H. C. Chen for useful discussions and information. This work is supported in part by the National Science Council of Taiwan under grants NSC 101-2119-M-008-007-MY3 (W.-H.I.), NSC 102-2119-M-008-001 (W.-P.C.), and NSC101-2112-M-008-017-MY3 (C.-C.N.). This publication makes use of data products from the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by the National Aeronautics and Space Administration and the National Science Foundation.
-10 - Fig. 1 .-Radial density profile for NGC 663. The grey horizontal line depicts the background density. The green curve shows the best Gaussian fitting results. Red and blue vertical lines represent the width of the curve with 1σ and 3σ, respectively. We adopted a box with the side of 40 ′ (4σ) as the field of NGC 663 to cover the region of previous studies and possible candidates. (Girardi et al. 2002) for 31 Myr located at 2.1 kpc (Kharchenko et al. 2013 ) with an interstellar extinction of A V ∼ 2.1 mag. Symbols are same as Figure 2 . Non-emission-line stars within the blue-dashed region are considered as photometric membership. Emission-line candidates are considered as photometric membership with a wider red-dashed region. Kharchenko et al. (2012) , and we adopt PMs from PPMXL. Column 2: RA in degree (J2000). Column 3: Dec in degree (J2000). Column 4: Proper motion Note. -Column 1: Name of known Be stars. Column 2: R.A. in degree (J2000). Column 3: Dec. in Degree (J2000). Column 4: Proper motions of R.A. Column 5: Proper motions of Dec. Column 6: Uncertainties of proper motions. Column 7: K s -band magnitudes adopted from 2MASS. Column 8: J−H magnitudes. Column 9: H−K s magnitudes. Column 10: Hα equivalent widths adopted from Mathew & Subramaniam (2011) . If the objects have more than one observation at different epoches, we take the averaged equivalent widths. Column 11: Spectral type adopted from Mathew & Subramaniam (2011) . Column 12: Notes of objects.
